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NATIONAL FOREWORD 

This Indian Standard (Part 1/Sec33) which is identical with lEC 60793-1-33 : 2001 'Optical fibres — 
Part 1 -33: Measurement methods and test procedures — Stress corrosion susceptibility' issued by 
the International Electrotechnical Commission (lEC) was adopted by the Bureau of Indian Standards 
on the recommendation of the Fibre Optics, Fibres, Cables and Devices Sectional Committee and 
approval of the Electronics and Information Technology Division Council. 

The text of lEC Standard has been approved as suitable for publication as an Indian Standard without 
deviations. Certain conventions are, however, not identical to those used in Indian Standards. Attention 
is particularly drawn to the following: 

a) Wherever the words 'International Standard' appear referring to this standard, they should be 
read as 'Indian Standard'. 

b) Comma (,) has been used as a decimal marker while in Indian Standards, the current practice 
is to use a point (.) as the decimal marker. 

The technical committee has reviewed the provision of the following International Standard referred 
in this adopted standard and has decided that it is acceptable for use in conjunction with this standard: 

International Standard Title 

lEC 62048 The law theory of optical fibre reliability 

Only the English language text has been retained while adopting it in this Indian Standard and as 
such the page numbers given here are not the same as in the lEC Publication. 

For the purpose of deciding whether a particular requirement of this standard is complied with, the 
final value, observed or calculated, expressing the result of a test or analysis, shall be rounded off in 
accordance with IS 2 : 1960 'Rules for rounding off numerical values (revised)'. The number of 
significant places retained in the rounded off value should be the same as that of the specified value 
in this standard. 
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Indian Standard 
OPTICAL FIBRES 

PART 1 MEASUREMENT METHODS AND TEST PROCEDURES 
Section 33 Stress Corrosion Susceptibility 

1 Scope and object 

This part of lEC 60793 contains descriptions of tine five main test metlnods concerning tine 
determination of stress corrosion susceptibiiity parameters. 

Tine object of tinis standard is to estabiisin uniform requirements for tine meclnanicai 
cinaracteristic stress corrosion susceptibiiity. Dynamic fatigue and static fatigue tests are used 
in practice to determine stress corrosion susceptibiiity parameters, dynamic n-vaiue and static 
A7-vaiue. 

Any fibre meclnanicai test sinouid determine fracture stress and fatigue properties under 
conditions tinat modei tine practical application as close as possible. Some appropriate test 
methods are available: 

- A: Dynamic n value by axial tension (see annex A); 

- B: Dynamic n value by two-point bending (see annex B); 

- C: Static n value by axial tension (see annex C); 

- D: Static n value by two-point bending (see annex D); 

- E: Static n value by uniform bending (see annex E). 

These methods are appropriate for types A1, A2 and A3 multimode and type B1 single-mode 
fibres. 

Static and dynamic fatigue test methods show comparable results if both tests are performed 
in the same effective measuring time. For dynamic fatigue tests this means a measuring time 
which is (n + 1) times larger than the measuring time of static fatigue tests. 

When using static fatigue test methods, it has been observed that for longer measuring times 
and consequently lower applied stress levels, the n-value increases. The range of measuring 
times of the static fatigue tests, given in this standard, approaches the practical situation 
better than that of the dynamic fatigue tests, which in general are performed in relatively short 
time-frames. 

These tests provide values of the stress corrosion parameter, n, that can be used for 
reliability calculations according to lEC 62048. 

2 Normative references 

The following referenced documents are indispensable for the application of this document. 
For dated references, only the edition cited applies. For undated references, the latest edition 
of the referenced document (including any amendments) applies. 

I EC 62048, The law theory of optical fibre reliability 1 



"I To be published. 
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3 Apparatus 

See annexes A, B, C, D, and E for each of the layout drawings and other equipment 
requirements for each of the methods respectively. 

4 Sampling and specimens 

These measurements are statistical in nature. A number of specimens or samples from a 
common population are tested, each under several conditions. 

Failure stress or time statistics for various sampling groups are used to calculate the stress 
corrosion susceptibility parameters. 

4.1 Specimen length 

Specimen length is contingent on the test procedure used. See the respective annexes A, B, 
C, D and E for the length required for the test method. For tensile tests, the length ranges 
from 0,5 m to at most 5 m. For two-point bending tests, the actual length tested is less than 
1 cm and for uniform bending tests about 1 m. 

4.2 Specimen preparation and conditioning 

All of the test methods shall be performed under constant environmental conditions. Unless 
otherwise specified in the detail specification, the nominal temperature shall be in the range of 
20 °C to 23 °C with a tolerance of ±2 °C for the duration of the test. Unless otherwise 
specified in the detail specification, the nominal relative humidity (RH) shall be in the range of 
40 % to 60 % with a tolerance of ±5 % for the duration of the test. 

Unless otherwise specified, all specimens shall be pre-conditioned in the test environment for 
a minimum period of 12 h. 

The use of stress corrosion susceptibility (and proof stress) parameters for reliability 
estimates is still under consideration. A method for extrapolating such parameters to service 
environments different from the default environment specified above has not been developed. 

It has been observed that the value of n produced by these tests can change after even brief 
exposure of the fibre to elevated temperature and humidity. A guide for the use of these 
methods is documented in lEC 62048. 

The observed value of stress corrosion susceptibility parameter, n, may differ between fatigue 
test methods. Influences on the results have been observed concerning the measuring time 
and the applied stress level. Care should be taken in the choice of test method. This should 
be agreed between the user and manufacturer. 

5 Reference test method 

Method A is the reference test method and shall be used to resolve disputes because it yields 
minimal values compared to the others and may be completed in a duration practical for 
dispute resolution. 
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6 Procedure 

See annexes A, B, C, D and E, respectively, for the individual test methods. 

Each of several samples (consisting of a number of specimens) is exposed to one of a 
number of stress conditions. For static fatigue tests, a constant stress is applied from sample 
to sample and time to failure is measured. For dynamic fatigue tests, the stress rate is varied 
from sample to sample and the failure stress is measured. 

The following is an overview of the procedures common to all methods: 

- complete pre-conditioning; 

- divide the specimens into sample groups; 

- apply the specified stress conditions to each sample group; 

- measure time or stress at failure; 

- complete calculations 

7 Calculations 

The calculations for each individual test method are found respectively in annexes A, B, C, D 
and E. 

8 Results 

8.1 The following information shall be reported with each test: 

- fibre identification; 

- test date; 

- stress corrosion susceptibility parameter; 

- test method. 

8.2 The following information shall be provided upon request: 

- specific information as required by the test method; 

- any special pre-conditioning. 

Clauses A. 5, B.5, C.5, D.5, and E.5 have results that apply respectively for each specific 
method. 

9 Specification information 

The detail specification shall specify the following information: 

- information to be reported; 

- any deviations to the procedure that apply; 

- failure or acceptance criteria. 
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Annex A 

(normative) 



Dynamic n value by axial tension 



This method is designed for determining the dynamic stress corrosion susceptibility parameter 
(dynamic n value, n^) of optical fibre at specified constant strain rates. 

This method is intended only to be used for use with those optical fibres of which the median 
fracture stress is greater than 3 GPa at the highest specified strain rate. For fibres with 
median fracture stress less than 3 GPa, the conditions herein have not demonstrated 
sufficient precision. 

This method is intended to test fatigue behaviour of fibres by varying the strain rate. The test 
is applicable to fibres and strain rates for which the logarithm of fracture stress versus the 
logarithm of strain rate behaviour is linear. 



A.1 Apparatus 

This clause describes the fundamental requirements of the equipment used for dynamic 
fracture stress testing. There are several configurations that meet these requirements. 
Examples are presented in figures A.1 to A. 3. Unless otherwise specified in the detail 
specification, use a gauge length of 500 mm for tensile test specimens. 




Motor 




To load cell 



Load cell 



-Fibre holders 
(capstans) 



Fibre 



Variable speed 
drive 



Capstan diameter 
(50 mm min.) 



Gauge length 
(500 mm min.) 




To cross head 



Figure A.1 - Schematic of translation test apparatus 
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Fibre 



^^^^^ 
</////////////////A 
Non-rotating capstan 



Rotating capstan 
with torsion sensor 



Figure A. 2 - Schematic of rotational test apparatus 




Figure A. 3 - Schematic of rotational test apparatus with load cell 



A.1.1 Support of the specimen 

Grip the fibre lengtin to be tested at botin ends and subject tine fibre to tension untii fracture 
occurs in tine gauge iengtin section of tine fibre. Mininnize the fibre fracture at the grip by 
providing a surface friction that prevents excessive slippage. 

Do not include breaks that occur at the grip in the sannple or use thenn in the calculations. 

Use a capstan, optionally covered with an elastonneric sheath, to grip the fibre. Wrap a 
section of the fibre that will not be tested around the capstan several tinnes and secure it at 
the end with, for exannple, an elastic band or nnasking tape. Wrap the fibre with no crossovers. 
The gauge length is the length of fibre between the axes of the gripping capstans before it is 
stretched. 
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Use a capstan and pulley diameter so that the fibre is not subjected to a bending stress that 
causes the fibre to break on the capstan. For typical silica based fibres, the bending stresses 
shall not exceed 175 MPa when the fibre is wrapped as shown in the figures or traverses a 
pulley. (For 125/250 \xm - cladding/coating - silica fibre, the minimum capstan diameter is 
then 50 mm.) Provide a capstan surface tough enough that the fibre does not cut into it when 
fully loaded. This condition can be determined by pre-testing. 

A.I. 2 Stressing application 

Elongate the fibre at a fixed strain rate until it breaks. The rate of elongation is expressed as 
percentage per minute, relative to the gauge length. Two examples for doing this are as 
follows: 

a) increase the separation between the gripping capstans by moving one or both of the 
capstans at a fixed rate of speed, with the starting separation equal to the gauge length 
(figure A.I); or 

b) rotate one or both of the gripping capstans, to take up the fibre under test (see figures A. 2 
and A. 3). 

The strain rate is the change in length between the two locations, in per cent, divided by the 
time. 

If method b) is used, ensure that the fibre on the capstan does not cross over itself as it is 
wrapped. 

If fibres are tested simultaneously, protect each fibre from adjacent fibres so that whiplash at 
fracture does not damage other fibres under test. 

A.I. 3 Fracture force measurement 

Measure the tensile stress during the test and at fracture for each test fibre by a load cell, 
calibrated to within 0,5 % (0,005) of the fracture or maximum load, for each range of fracture 
stress. Calibrate the load cell while oriented in the same manner as when testing the fibre 
under load. For method b), use a light, low-friction pulley (or pulleys) in place of the non- 
rotating capstan (see figure A. 2), or the rotating capstan (see figure A. 3), when calibrating 
load cells with a string and calibration weight. 

Use a string, attached at one end to the load-measuring device (or its capstan), to duplicate 
the direction of an actual test fibre and be of a thickness or diameter comparable to that of a 
test fibre. A minimum of three calibration weights are recommended for load cell calibration 
which bracket the typical fracture or maximum load (50 % below maximum, maximum and 
50 % above maximum). 

Recording the maximum tensile load at the time of fracture may be obtained for example by a 
strip chart recorder. The response time shall be sufficient to report the fracture stress within 
1 % of the actual value. 

NOTE Frictional effects from the pulleys can lead to substantial errors in the load cell calibration of rotating 
capstan testers for horizontally mounted fibre. 

A.I. 4 Strain rate control 

Determine the setting for the speed control unit by trial in order to meet the specified strain 
rates. Express the strain rate as a percentage of gauge length per unit time. Unless otherwise 
specified in the detail specification, the maximum strain rate shall be equal to or less than 
100 %/min. Select the actual maximum strain rate by taking into account aspects of the test 



6 



IS/I EC 60793-1-33 : 2001 



method such as equipment considerations, materiai properties of the sampies, etc. In addition 
to the maximum rate, use three additional strain rates, each reduced sequentially by roughly a 
power of 10 from the maximum. 

It is possible to minimize test duration by using a faster strain rate in conjunction with a 
reduced load. For example, if a strain rate of 0,025 %/min is specified, test some specimens 
at the next fastest rate (0,25 %/min) to establish a range of fracture stress. Then pre-load to a 
level equal to or less than 80 % of the lowest fracture stress found for the initial trial 
specimens at the next fastest rate. 

A.1.5 Stress rate characterization 

The stress rate may vary with fibre type, equipment, breaking stress, fibre slippage, and strain 
rate. Characterize the stress rate, (jg, at each strain rate used in the fatigue calculation 
according to: 

^ r((7f)-f (0,8x(7f) 

where 

cTf is the fracture stress; 

f((Tf) is the time to fracture; 

f(0,8 ^ (7f) is the time at 80 % of the fracture stress. 

A.2 Test sample 
A.2.1 Sample size 

Because of the variability of test results, test a minimum of 15 specimens for each strain rate, 
and drop the lowest breaking fracture stress data point for each strain rate. Alternatively, if 
the standard error of estimate of slope Cf vs. 6^ is 0,0017 or greater (as explained in F.2), 
test a minimum of 30 specimens for each strain rate and drop the lowest two breaking fracture 
stress data points for each strain rate. 

A.2. 2 Sample size (optional) 

As explained in clause A.2.1, additional specimens may be required for some applications in 
which the confidence interval on the estimate of the dynamic (tension) stress corrosion 
susceptibility parameter, needs to be known. Refer to table F.I for various sample sizes, 
depending upon the expected dynamic Weibull slope, m^. Appropriate use of the algorithm in 
clause F2 is restricted to tests in which the same sample size is specified for each strain rate. 

A.3 Procedure 

This procedure describes how to obtain fibre fracture stress on a given sample set tested at a 
given strain rate. Calculations of population statistics are presented in clause F.2. 

A.3.1 Set and record the gauge length (see A. 1.2). 
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A.3.2 Set and record the strain rate (see A. 1.4). 

A.3.3 If method a) of A. 1.4 is used, return the gripping capstans to the gauge iength 
separation. 

A.3.4 Load the test specimen in the grips, one end at a time. The tangent point of the fibre 
shaii be in the same location as that for the ioad calibrations. Guide each specimen so that 
the fibre makes at least the required number of turns around the capstan without crossing 
over itself. 

A.3.5 Re-set the load recording instrument. 

A.3.6 Start the motor to stress the fibre. Record the stress vs. time until the fibre breaks. 
Stop the motor. 

A.3.7 Repeat steps A.3.3 through A.3.6 for all fibres in the sample set. 

A.3.8 Calculate the fibre fracture stress, cjf, for each break. Use equation (A. 2). 

A.3.9 Calculate the stress rate, Og. 

A.3.10 Complete the required population statistic calculations. Use equations (A. 3) to (A. 6). 
A.4 Calculations 
A.4.1 Fracture stress 

The following method can be used to calculate the fracture stress, a^, when the coating 
contribution is negligible (less than 5 %), such as on common 125 \im diameter fibre with a 
coated diameter of 250 )j.m (polymer coating): 

cTf = TMg (A2) 

where 

T is the force (tension) experienced by the composite specimen at fracture; 
Ag is the nominal cross-sectional area of the glass fibre. 

A more complete method is given in clause F.3 for use when the coating contribution is 
important. 

A.4. 2 Fracture stress at a given strain rate 

The following steps are required to form a Weibull plot characterizing the population. 

a) Sort the fracture stresses from minimum to maximum. Assign a rank, k, to each. Rank is 
the order, e.g. first is the weakest, second is the next weakest, etc. Assign a different rank 
to each break, even if several breaks have the same fracture stress. 

b) Calculate the cumulative probability of failure, F^^, for each break: 

= (/(- 0,5)/A/, /(=1,2, ... A/ (A.3) 

where N is the sample size. 
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c) Graph In [-In (1 - F^J] vs In (a^) to form the Welbull plot. 
NOTE Special Weibull graph paper is available for this. 

d) Label the plot with the required information. 

For a given gauge length and diameter, the dynamic fatigue Weibull plot is associated with 
the following cumulative probability function: 

Fk = 1 - exp [-((Tf/aJ-^d] (A.4) 

Let k{P) = P X N + 0,5 define a rank associated with a given probability, P. 

If k{P) is an integer, let (P) = cTf^ (P), the fracture stress of the /((P)th rank. If l<{P) is not 
an integer, let k.^ be the integer below k{P) and = /f-j + 1. 

Then, let (P) = (a^^,^ x Ofks)^'^. 

The median fracture stress is (0,5). The Weibull slope is: 

2,46 

~ In[c7f(0,85)]- In[c7f(0,15)] 

The Weibull parameter is: 



exp 



^^ + ln[af(0,5)] 



(A.6) 



Graph the Weibull plot for each stress rate, and determine the median fracture stress c7f (0,5) 
for each stress rate. 

A.4. 3 Dynamic (tension) stress corrosion susceptibility parameter, 

The median fracture stress Of (0,5) as defined in A. 4. 2, will generally vary with constant stress 
rate, as follows: 

logcTf + intercept (A.7) 

1 + «d 

where intercept is the log of fracture stress at a stress rate of unity as shown in figure A.4. 
Intercept can be calculated from the following: 



intercept = Y - (slope) x x (A.8) 

Unless otherwise specified, use the algorithm in clause F.2 to calculate X, Y, the estimate 
of n^, and the 95 % confidence interval for the test. Unless otherwise specified, the standard 

error of estimate of slope log o-f vs. (jg shall be less than 0,0017. Refer to clause F.2 to 

determine the standard error of estimate of slope. 
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A.5 Results 

The following data shall be provided upon request: 

- strain rates; 

- sample size per strain rate; 

- standard error of estimate; 

- Xand Y; 

- gauge length; 

- test environment; 

- environmental pre-conditioning time; 

- fracture stress calculation method; 

- Young's modulus of fibre (if taken into account); 

- Young's modulus of coating(s) (if taken into account); 

- Weibull plots for all strain rates (if used); 

- method of calculating the stress rate. 




Log (stress rate) MPa/min 



Figure A. 4 - Representation of dynamic fatigue gra 



10 



IS/I EC 60793-1-33 : 2001 



Annex B 

(normative) 

Dynamic n value by two-point bending 



This procedure provides a metlnod for measuring the dynamic fatigue parameters (dynamic n 
value, n^) of optical fibre in two-point bending at a constant platen velocity. This method is 
intended to test fatigue behaviour of fibres by varying the platen velocity. The test is 
applicable to fibres and platen velocities for which the logarithm of fracture stress versus the 
logarithm of platen velocity behaviour is linear. 

B.I Apparatus 

A possible test apparatus is schematically shown in figure B.1. This equipment is designed to 
measure the strain/stress required to break an optical fibre in a two-point bending geometry 
by measuring platen separation at fracture. This technique is readily amenable to various test 
environments. 

B.1.1 Stepper motor control 

This device allows accurate, reliable, repeatable motorized control of the linear table. A 
maximum step length of 1 jam shall be used. A step length of 0,1 )j.m could be used for higher 
accuracy. 

B.I. 2 Stepper-motor-driven moving platen 

The moving platen converts the stepper motor rotation to linear translation by means of a lead 
screw. 

B.I. 3 Stationary platen 

This device holds the fibre against the moving platen. 
B.I. 4 Platen velocity 

Place the fibre between two platens that are brought together by a computer controlled 
stepper motor at a specified constant platen velocity {V = constant) until the fibre breaks. 
Unless otherwise specified in the detail specification, use velocities 1 )j.m/s, 10)j,m/s, 
100 )im/s, 1 000 )im/s, each accurate to ±10 %. 

B.1.5 Fibre fracture detecting system 

One of the following techniques may be used to detect fibre fracture. 
B.I. 5.1 Method 1 

Use an acoustic emission detector or transducer and computer to sense the fibre break and 
platen position at time of break. The computer then stops the platen and displays the platen 
separation at the time of the break. 
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B.I. 5.2 Method 2 

Incorporate a force (pressure) transducer into the stationary piaten and connect it to a 
suitable signal conditioning equipment to measure force exerted on the fibre during the test. 
When the fibre breaks the force drops to zero, providing a means of detecting the break. 

B.I. 5. 3 Methods 

Launching light through a fibre during the test and monitoring the output signal is another 
technique for detecting fibre fracture. When the fibre breaks, the transmission is lost. 

With all of the techniques above calculate the platen separation at fracture d as: 

d = platen starting position - platen travel {B.1) 

B.2 Test sample 

The test sample is a length of coated optical fibre approximately 30 mm to 120 mm long. The 
glass diameter shall be known to ±1 jim and coating diameter shall be known to ±5 )j.m. 
Unless otherwise specified in the detail specification, the sample size for each velocity shall 
be at least 15 specimens. 

B.3 Procedure 

B.3.1 The following is one example of a calibration procedure. Set the distance between the 
platen to zero when the faces of the platen are completely touching. When contact is made, 
the readout on the stepper motor controller should be zero. The platen separation value d 
when the fibre breaks may be verified by checking the distance with a gauge block. The zero 
position should be repeatable to ±5 jim. 

NOTE The surfaces of the platen should be carefully cleaned before they are run together for touching. 

B.3. 2 Unless otherwise specified In the detail specification, set the initial fibre platen 
opening gap to 12,00 mm including groove depths. 

B.3. 3 Before a population of fibres for a given platen velocity is tested, break an identical 
fibre from the same group to determine the platen separation at fibre fracture. This platen 
separation d is used to calculate the breaking stress (equation (B.2), (B.3) and B.4)). An initial 
(starting) platen separation can be determined from equations (B.2), (B.3), (B.4) and (B.5) 
using a value of stress equal to 50 % of the breaking stress. This will allow the duration of the 
test to be reduced and the highest platen velocities to be achieved, since the maximum 
stepper motor speed may limit the maximum obtainable platen velocities. 

It is possible to minimize test duration by using a faster platen velocity in conjunction with a 
reduced load. For example, if a platen velocity of 1 )im/s is specified, test some specimens at 
the next fastest rate (10 jim/s) to establish a range of fracture stresses. Then preload to a 
level equal to or less than 80 % of the lowest fracture stress found for the initial trial 
specimens at the next fastest rate. 
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B.3.4 Carefully grasp both ends of the test specimen, bend it carefully, and insert it between 
the platen, then pull it upwards to position it as shown in figure B.2. Do not touch the bent 
fibre (gauge length) with fingers when handling or loading fibres. The apex of the fibre should 
always be at the same position in the fixture. This minimizes the effect of a non-parallel 
platen. Fibre orientation, whether up or down, does not matter. 

B.3.5 After the specimen has broken, brake the stepper-motor to a stop and record the 
platen separation at the break. 

B.3.6 Repeat steps B.3.1 to B.3.5 for each fibre sample at the specified load rate, and for all 
samples at the other specified load rates. 

B.3.7 Calculate the fibre fracture stress, Of, for each break, using equations (B.2) to (B.4). 
B.3.8 Complete the required population statistic calculations, using equations (B.5) to (B.6). 

B.4 Calculations 
B.4.1 Fracture stress 

Calculate the fracture stress of each fibre by: 

C7f =EoX£f(l + 0,5xa'x£f) (B.2) 

£f =1,198 (B.3) 
d - dc + 2dg 

a' = 0,75 xa- 0,25 (B.4) 

where 

(7f is the fracture stress in GPa; 

is the Young's modulus (72 GPa); 
ff is the fracture strain at the apex of the fibre; 

a is the correction parameter for non-linear stress/strain behaviour (typical value for a is 6); 

df is the glass fibre diameter in |j.m; 

d is the distance between platen at fibre fracture in )j.m; 

dp is the overall fibre diameter including any coating in )j.m; 

2dg is the total depth of both grooves in )j.m (see figure B.2). 

B.4. 2 Dynamic (two-point bending) stress corrosion susceptibility parameter, 

The median fracture stress, C7f (0,5), will generally vary with constant platen velocity, V, 
according to: 

1 V 

Logaf(0,5) = x log — + intersection (B.5) 
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where 



r 



is the radius of giass fibre; 



intercept is the iogarithm of fracture stress at a constant piaten veiocity of unity as shown in 



Uniess otherwise specified, use the aigorithm in F.2 to caicuiate X, Y , the estimate of n^, 
and the 95 % confidence intervai for the test. Uniess otherwise specified, the standard error 
of estimate of siope iog vs. iog V shall be less than 0,0017. Refer to F.2 to determine the 
standard error of estimate. 

B.5 Results 

The following data shall be provided upon request: 

- platen velocities; 

- sample size for each platen velocity; 

- the standard error of estimate; 

- test environment; 

- environmental pre-conditioning time; 

- Young's Modulus of fibre glass (if assumed other than what is given in F.3); 

- Weibull plots for all platen velocities (if used); 

- X and y; 

- fibre (glass) diameter. 



figure B.3. 



Intercept can be calculated from: 



intersection = Y - (slope) x x 



(B.6) 



stepper 
motor 
control 




Failure 
detection 
system 



Stepper 
motor 




Fixed 
platen 



Figure B.1 - Schematic of two-point bending unit 
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(a) (b) 
Figure B.2 - Schematic of surface platen 




Log V/r 



Figure B.3 - Dynamic fatigue data schematic 
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Annex C 

(normative) 

Static n value by axial tension 



This method is designed for determining the static fatigue parameters (dynamic n value, n^) of 
individual optical fibre lengths under tension. This method is intended to test static fatigue 
behaviour of fibres by varying the applied stress levels. 

C.I Apparatus 

Possible arrangements of test equipment are schematically shown in figure B.2. Each 
arrangement consists of a means of applying stress to a fibre and monitoring time to fracture. 
Unless otherwise specified in the detail specification, the gauge length, i.e. the distance 
between the capstans, shall be 500 mm. 

C.1.1 Gripping the fibre at both ends 

See A.1.1. 

C.1.2 Stressing the fibre 

The stress is applied on the fibre by hanging a known weight on one capstan (see figure C.1). 
Several specimens are tested at a given nominal stress level. The range of actual stress 
levels for a given nominal level can influence the quality of the measurement. For the simple 
median computation method, the range of stress levels for a given nominal shall be within 
±0,5 % of the nominal. For the homologous method and the maximum lil<elihood estimate 
method, the individual stress levels for each specimen shall be recorded for use in the 
computation. See C.4.2. 

C.I. 3 IVIeasu ring time to fracture 

There are many techniques to monitor time to fracture which can meet the requirements of 
this test method. One way to monitor the time to fracture is to set up timers underneath the 
hanging weights used to apply the stress on the fibre. 

C.2 Test sample 

C.2.1 Sample size for each nominal stress level 

Unless otherwise specified in the detail specifications, use the sample size for each nominal 
stress level of at least 15. 

C.3 Procedure 

Test a minimum of five different nominal applied stress levels, Cg. Choose the nominal 
stresses such that the median times to fracture range from about 1 h to about 30 days in 
roughly equal distance on the logarithmic scale. The loads necessary to achieve this for 
standard silica fibres are in the range of 30 N to 50 N. 
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Since the time to fracture is dependent on botin the fracture stress of the fibre and the fatigue 
parameter, the actual nominal stress levels applied and the number that are applied can be 
determined iteratively. Alternatively, a broad range of levels may be applied at the beginning 
of a measurement. Data from test sets that break too soon or take too long to break may be 
discarded. 

Upon completion of pre-conditioning, load the fibres into the unit. Monitor and record the time 
to fracture for each fibre fracture. When testing a sample set for a given nominal stress level, 
as soon as the median specimen has broken the test may be terminated early. That is, if more 
than half of the samples have broken, the computation can be carried out and a median time 
to fracture determined before all the remaining samples fail. The standard error of the 
estimate shall be computed and reported for each measurement. Unless otherwise specified 
in the detail specification, the standard error of the estimate shall be less than 1 . 

C.4 Calculations 
C.4.1 Fracture stress 

See A.4.1. 

C.4. 2 Static (tension) stress corrosion susceptibility parameter, 

Unless otherwise specified, the following method shall be used to determine n^. Alternatively, 
other methods, for example homologous or maximum likelihood estimate, can be used to 
determine (see A. 4). 

C.4. 3 Simple median 

This method does not require an assumption of linearity of the Weibull slope. Since all the 
data are not used, it can produce a larger standard error of the estimate than others. For each 
nominal stress level, cTj, the median time to fracture, fj, is determined. Fit the data to the 
following linear regression model by minimizing the sum of squared errors: 

- /ig In (cTj) + intercept = ln(f|) (C.1) 

The standard error of the estimate for is reported by most statistical packages. The median 
of In(crj) and the median of the In(fj) are also reported. The value of intercept in the above 
equation is as follows: 

intercept = median [ln(f|)] + median [ln((7|)] (C.2) 

C.5 Results 

The following data shall be reported: 

- fibre identification; 

- test date; 

- static (tension) stress corrosion susceptibility parameter, (other parameters are under 
consideration). 

The following data shall be provided upon request: 

- fibre diameter; 

coating diameter (if it is taken into account); 

- test environment; 

- gauge length; 
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initial sample size for each nominal stress level and the number of nominal stress levels; 

environmental pre-conditioning time, where applicable; 

- fracture stress calculation method. If the method of clause A. 3 is used, Young's modulus 
of the coating and the glass shall be reported; 

nominal stress levels. 




Gauge length 
(500 mm min.) 

Gauge length L 

(500 mm min.) 




Figure C.1 - Schematic of possible static fatigue (tension) apparatus 
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Annex D 

(normative) 

Static n value by two-point bending 



This procedure provides a metlnod for determining tine static fatigue parameters (static n 
value, Hg) of opticai fibres in two-point bending. 

D.I Apparatus 
D.1.1 Test equipment 

A possibie test equipment schematic is shown in figure D.1. The grooved, paraiiei piates and 
the spacers shaii be made of thermaiiy stabie materiais (e.g., stainiess steei). (The spacers 
are used to create a required gap between piaten.) Precision-bore giass tubes or precision- 
reamed metai piates may be used in piace of the paraiiei piates shown in figure D.1. In this 
case, the waiis of the tubes serve the same function as the paraiiei piates. 

D.I. 2 Fibre fracture detection 

An acoustic sensor, and an appropriate monitor for output voitage, may be used for fibre 
fracture detection. Other methods of sensing breal<s, such as launching light down the optical 
fibre, may also be used. The sensing equipment shall be capable of measuring the time to 
break with a precision equal to or better than 1 % of the elapsed time. 

D.2 Test sample 

The test sample is a length of coated optical fibre approximately 30 mm to 120 mm long. The 
glass diameter shall be known to ±1 )im and coating diameter must be known to ±5 )im. 
Unless otherwise specified in the detail specification, a sample size of at least 15 shall be 
used for each nominal stress level. 



D.3 Procedure 

Test a minimum of five different nominal stress levels. Choose the nominal stresses so that 
the median times to fracture range from about 1 h to about 30 days. 

Assemble the two-point bending fixture, using spacers of appropriate height to produce the 
desired maximum stress at the apex of the fibre bend. To calculate the spacer height which 
will produce the desired value of applied stress use equations (B.2), (B.3) and (B.4). If 
precision-bore tubing or precision-reamed metal is used, dg in equation (B.3) is equal to zero 
(0). Upon completion of pre-conditioning, load the fibres into the fixture. Record the time to 
fracture for each break using a detector. Ensure that the detector did not register false breaks 
or fail to register true breaks. 

D.4 Calculations 
D.4.1 Fracture stress 

See B.4.1. 
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D.4.2 Static (two-point bending) stress corrosion susceptibility parameter, 

See C.4.2. 

D.5 Results 

The following data shall be reported: 

- fibre identification; 

- test date; 

static (tension) stress corrosion susceptibility parameter, (other parameters are under 
consideration). 

The following data shall be provided upon request: 

- fibre (glass) diameter; 
coating diameter; 

- test environment; 

modulus of elasticity of the fibre; 

initial sample size for each nominal stress level and the number of nominal stress levels; 
method of computation of n^; 

- the Weibull shape parameter, m^, from G.2, for each strain value tested; 

- the standard error of the estimate of n^; 
nominal stress levels. 

Spacer 

7ZZZZZZ 

\ 

A ► 

7ZZZZZZ 



Figure D.1a - Plan Figure D.1b - Section 

Figure D.1 - Schematic of possible static fatigue (two-point bending) apparatus 



Coating 



Platen 




Glass 
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Annex E 

(normative) 

Static n value by uniform bending 



This procedure describes a metlnod for determining tine static fatigue parameters (static n 
vaiue, /ig) of individual optical fibre lengths in uniform bending. 

E.I Apparatus 

The proposed test equipment for bending stress consists of precision mandrels of different 
diameters. Fibres are subjected to bending stresses by winding around a mandrel (see figure 
E.1). 

E.1.1 Support of the sample 

Grip the fibre length to be tested at both ends. The fibres can be fixed using, for example, 
rubber rings or glue or tape at the ends of the mandrel. Use a grip that does not allow the 
fibre to slip prior to fracture, and minimizes fibre fracture at the grip. Record breaks that occur 
at the grip, but do not consider it as part of the sample or use it in subsequent calculations. 

A winding mechanism is needed to wind the test fibre on the mandrel. Wind the fibre with 
minimum pitch and without crossovers. Take care to avoid introducing unwanted tensile stress 
during winding. Sufficient winding force is needed to ensure that the fibre touches the mandrel 
throughout its entire length, for example 0,25 N. 

E.1.2 Stressing the fibre 

The stress level can be varied by the proper choice of the mandrel size. Several specimens 
are tested at a given nominal stress level. For the simple median computation method, use a 
range of mandrel diameters for a given stress level within ±0,5 % of the nominal. For the 
homologous method and the maximum likelihood estimate method, record the individual 
stress levels for each specimen for use in the computation. 

E.1.3 IVIeasuring time to fracture 

There are many techniques to monitor time to fracture which meet these requirements. One 
way is to use an acoustic emission detector or transducer to sense the fibre break and signal 
the computer at the time of fracture. Another method is optical detection of the presence of 
the mandrel in a special holder. When the fibre breaks, the mandrel is pushed out of the 
holder. Optical detection of transmitted light through the fibre is yet another technique. 

E.2 Test sample 

Unless otherwise specified in the detail specification, use a sample size for each nominal 
stress level of at least 15 and a fibre length of 1 m for each test. The glass diameter shall be 
known to ±1 )j.m and coating diameter shall be known to ±5 )j.m. 
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E.3 Procedure 

Test a minimum of five different nominai stress ieveis. CInoose nominai stresses sucin tinat tine 
median times to fracture range from about 1 In to about 30 days. 

E.4 Calculations 
E.4.1 Fracture stress 

Calculate the fracture stress of each fibre using the following equation : 

(7f = £'o X£f(1 + 0,5xa'x£f) (E.1) 

= (E.2) 
D + dc 

a" = 0,75 a {E.3) 

where 

CTf is the fracture stress in GPa; 

Eq is the Young's modulus (72 GPa); 

ff is the fracture strain; 

a is the correction parameter for non-linear stress/strain behaviour (typical value for a is 6); 
df is the glass fibre diameter in )j.m; 
D is the mandrel diameter in )j.m; 

is the overall fibre diameter including any coating in \xm. 

E.4. 2 Static (uniform bending) stress corrosion susceptibility parameter, 

See 0.4.2. 



E.5 Results 

The following data shall be provided upon request : 

- fibre (glass) diameter; 

- coating diameter; 

- mandrel diameters; 

- test environment; 

- the standard error of the estimate of n^; 

- length of fibre wound on mandrels; 

- winding force; 

- initial sample size for each test set and the number of test sets; 

- number of mandrels in each batch of mandrel diameters. 
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Annex F 

(informative) 

Considerations for dynamic fatigue calculations 



F.1 Specimen size and sample size 
F.1.1 Specimen size 

Fracture stress testing is statistical in nature. Many individual fibres, each of which is 
representative of a given population, shall be tested for fracture stress. The result is reported 
for the population as a whole, as a probability distribution. 

The product sample size and gauge length determines the extent to which the population is 
represented and the range of measured probability. The gauge length also affects the result 
since, in general, the measured fracture stress decreases as the gauge length increases. 

F.I. 2 Sample size 

In practice, identical flaws cannot be pre-selected for testing at each of the strain rates. 
Instead, sampling is required to estimate the behaviour of the mean flaw. The confidence 
interval width of the test is governed by the lack of similarity of flaws tested at different strain 
rates. That is, the confidence interval is a measure of the fatigue test precision, not a direct 
measure of a fibre attribute. 

Table F.1 gives a typical confidence interval for various combinations of dynamic stress 
corrosion susceptibility parameter, n^, the Weibull slope, and the sample size per strain 
rate. These results are from Monte Carlo simulation of an ideal Weibull distribution in 
conjunction with fatigue behaviour defined by equation (A.1). Four strain rates, each 
separated by an order of magnitude, are used in the simulation. 
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Table F.1 - 95 % confidence interval for n, 



Actual 
"d 


'"d 


Sample size per strain rate 


15 


30 


45 


60 


10 


15 


8,7 - 11,0 


9,3 - 10,8 


9,5 - 10.5 


9,5 - 10.5 




30 


9,5 - 10,5 


9,6 - 10,4 


9,7 - 10,3 


9,8 - 10,3 




60 


9 7-103 


9 8-102 


9 9-102 


9 9 _ 1 1 


II 


90 


9,8 - 10,2 


9,9 - 10,1 


9,9 -10,1 


9,9 -10,1 


20 


15 


16,7 - 24,0 


17,6 - 23,2 


18,3 - 22,6 


18,4 - 22,0 


II 


30 


18,2 - 22,0 


18,9 - 21,6 


19,5 - 22,6 


19,2 - 21,0 




60 


19,1 - 21 ,1 


-IQ 15 _ 20 9 


1 9 a - 20 5 


1 q R _ 20 5 


II 


90 




19,6 - 20,7 


1 9 a - 20 5 


19,8 - 20,4 


30 


15 


22,8 - 39,2 


24,9 - 37,1 


26,2 - 35,5 


26,6 - 34,4 


II 


30 


26,0 - 34,1 


27,3 - 33,3 


28,0 - 32,7 


28,3 - 32,3 


II 


60 


28 - 32 


29,2 - 31 ,2 


29,4 - 31 ,0 


29,2 - 31 ,2 




90 


28,7 - 31 ,4 


29,2 - 31 ,2 


29,4 - 31 ,0 


29 3 _ 30 8 


50 


15 


33,2 - 80,6 


37,5 - 72,3 


40,5 - 67,3 


41,5 - 63,7 




30 


40,0 - 62,2 


43,0 - 59,8 


45,0 - 57,7 


45,6 - 56,4 


II 


60 


44,6 - 55,8 


46,5 - 54,7 


48,1 - 53,8 


47,9 - 53,3 


II 


90 


46,4 - 53,9 


47,8 - 53,3 


49,1 - 52,7 


49,0 - 52,3 


100 


15 


49,8 - 380,0 


60,8 - 258,7 


68,5 - 198,0 


71,2 - 170,7 


II 


30 


67,1 - 162,3 


76,1 - 147,7 


81,5 - 135,1 


83,9 - 129,7 




60 


81,5 - 125,8 


87,2 - 120,7 


90,4 - 116,2 


92,2 - 114,4 


II 


90 


87,4 - 123,2 


91,7 - 113,8 


93,9 - 110,8 


95,2 - 110,0 



F.2 Numeric algorithm for calculation of dynamic stress corrosion 
susceptibility parameter, 

This algorithm caicuiates the estimate of and the 95 % confidence interval of the estimate 
with the homologous least squares method. Appropriate use of the algorithm is restricted to 
tests in which the same sample size is specified for each strain rate. 

(7|j is the fracture stress of /h break on the /'h strain rate, and 
(7g is the stress rate for the /'h strain rate. 

Let yy = log (ajj) for / = 1 to L, the number of strain rates, and 
for y = 1 to A/|, the number of specimens for each rate. 
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Let X| = log 



Let A/=IA/: 



( L 



LetXX- 



/=1 



-NX^ 



Let XY- 



/=0 7=0 



A/XY 



L A/i 



/=1 7=1 



A/ 



LetX 



Let YY = 



L E Xij' 

/=1 7=1 



S=2^I = slope Let SEE - / (^^-Sx^V) 

where SEE is standard error of estimate S. 

Let Su = S - 1 ,96 x SEE Let Sl = S + 1 ,96 x SEE 



111 
then = 1, n^u = 1, "dL = "I 



where n^^j and n^^ form the 95 % confidence interval on estimate, n^. 
Caicuiate intercept = Y-(sxx) 



where siope is: 



siope = 



F.3 Complete method to calculate fracture stress 

Compensation for ioad sharing by coating: 

Caicuiate the fraction, F, of the tension carried by the protective coating to be 



^_ E2{Di-D^) + E^(Df-D^g) 

[E2(Di -D^) + E^(Df - Z)| )] + EgD^g 

where 

Eg is Young's modulus of the glass fibre, in Pa; 

E2 is Young's modulus of the second coating layer, in Pa; 

is Young's modulus of the first coating layer, in Pa; 
Dg is the nominal diameter of the glass fibre, in [jm; 
D2 is the nominal diameter of the second coating layer, in |jm; 

is the nominal diameter of the first coating layer, in [}m. 
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Use values for E2 and that are consistent with the operating temperature, humidity and 
strain rate. A worst case overestimate of the coating contribution can be made by replacing 
the modulus of the inner primary coating by the larger modulus of the outer primary coating. 
In this way, the diameter and modulus of the inner primary coating need not be known. 

Calculate the corrected proof test tension, Tg (N), to be applied to the coated fibre as follows: 

_ (Q,0008)D2cTp 
(1-F) 

where 

Dg is the nominal diameter of the glass fibre, in |jm; 

Op is the proof stress, in GPa; 

F is the fraction of the load carried by the coating. 
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Annex G 

(informative) 

Considerations for static fatigue calculations 



G.I Homologous method 

This method uses all the data, but requires an assumption that the Weibull plot of each set is 
the same and linear. Since it uses all the data, it will often produce a smaller standard error of 
the estimate. 

Let fjj be the time to fracture of the specimen in the /th nominal stress level. Let be the 
nominal stress level of that specimen. Let A/| be the number of the samples in the /th test set. 
For each /, j, compute the Weibull parameter, w^. 

^, = ln{-|n[l-0-0,5)/7ViI[ 

Fit the data to the following linear regression model by minimizing the sum of squared errors: 

a X In(fjj) + bx \n{ag) + const = 

= b/a is reported as the estimate. 

The standard error of the estimate is approximated with the variance and co-variance of a and 
b, along with their values. The variance and co-variance terms are reported by most statistical 
packages. 

Var(A7) = Var(a)/a2 + {bla^)^ Var(a) - 2{b/a^) Cov(a,ib) 

1 /2 

The standard error of the estimate is [Var(n)] 
The median of In(fjj) and ln(0-a) are reported. 

G.2 Maximum likelihood estimate 

This method also requires an assumption that the Weibull plot for each nominal stress level is 
derived from a single underlying fracture stress distribution and that it is linear. This method 
gives the best results, but it is the most complicated. The method can accurately treat the 
case for which data are truncated by way of aborting a test before all samples break. 
Statistical packages are available to complete the computation. It is based on the following 
probability model: 

F = 1 _ exp[-(ff/fo)ms] 

where 

F is the cumulative fracture probability for fracture time t{, 

is the Weibull scaling parameter; 
mg is the static Weibull shape parameter. 
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Annex H 

(informative) 

Considerations on stress corrosion susceptibility 
parameter test methods 



H.I Introduction 

The test methods in this standard describe a number of test methods which can be used to 
determine the stress corrosion susceptibiiity parameter of an opticai giass fibre. This guide is 
intended to give some bacl<ground concerning this mechanicai parameter and to show the 
reiation between the results of the different test methods. 

H.2 Crack growth 

A1, A2 and A3c type muitimode fibres and B type singie-mode fibres are made from siiica 
giass which consists of ring structures of Si04 tetrahedrais. The mechanicai bonds of these 
tetrahedrais shouid resuit in a fracture stress of 20 GPa (i.e. inert strength, without cracl< 
growth). Stress concentration at cracl< tips causes the fibre to fracture at iower stress ieveis 
[1] 2 This stress concentration is characterized by the stress-intensity factor: 

K^=Ya^Ia 

where 

Y is the geometrical factor; 
a is the crack depth; 
a is the applied stress. 

Fracture occurs when K| reaches the critical value K|g of about 0,8 MPa [2], [3]. For a semi- 
elliptical or semi-circular crack Y = 1,24 [2]. Hence a unique relation exists between crack 
depth and fracture stress. 

In practice, lower fracture stresses are observed than would follow the relation between crack 
depth and fracture stress. Moreover the fracture stress of optical fibres is dependent on time. 
This can be explained by crack growth due to a stress chemical reaction, which breaks the 
bonds. The experimental condition, especially water, is an important factor for this crack 
growth (da/df). The stress-induced corrosion of silica glass is usually described by a power 

law, where the crack growth velocity, v, is equal to Ak" , with A a scale factor for the speed of 

crack growth and n the stress corrosion susceptibility parameter [1]. In fibre reliability models 
this power law is often used [5], which shows the importance of determining the n value. This 
value may depend on specific characteristics of the glass fibre and/or its coating [6], [7], [8], 
[9]. 

The test methods described in this standard test only relative short length of fibres, resulting 
in stress corrosion data of the intrinsic strength distribution. 



2 Figures in square bracl<ets refer to the bibliography 
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In practice the weak flaws In optical fibres (I.e. extrinsic strength distribution, below the 
Intrinsic strength) lead to fibre fracture. It would therefore be appropriate to use also the 
stress corrosion susceptibility parameter of these weak flaws for lifetime calculations. 
Because this parameter Is very difficult to determine, at present the stress-Induced corrosion 
of the Intrinsic strength distribution Is used. This Is justified by experiments on abraded fibres, 
which show that this choice reflects even a worst case situation. The n value of abraded fibres 
has been found higher than those of the Intrinsic strength distribution [5], [10], [1 1], [12], [13]. 



H.3 Types of stress corrosion susceptibility test methods 

The stress corrosion susceptibility parameter obtained for standard optical glass fibres Is 
generally found between 17 and 40, the higher value showing a slower crack growth. These 
differences can mainly be explained because of differences In measurement techniques. In 
practice, two families of fatigue tests are used: static tests and dynamic tests. The following 
tests are described in this standard: 

Dynamic tests: 

- method 60793-1-33-A: Dynamic n value by tension, 

- method 60793-1-33-B: Dynamic n value by two-point bending. 

Static tests: 

- method 60793-1-33-C: Static n-value by tension, 

- method 60793-1-33-D: Static n-value by two-point tension, 

- method 60793-1-33-E: Static n-value by uniform bending. 

As indicated in the present test methods, these tests are performed in standard room 
environments. The results from these tests should not be used for reliability estimates which 
differ from the standard environment. 



In order to compare both families of fatigue tests. It Is possible for the dynamic fatigue test to 
translate the loading history into an 'effective' static time-to-fracture, fgff [14]. 

For tensile testing, fgff is written as 

Ipff — — — X — 

^" a (n + 1) (A7 + 1) 

with cr(f) =6t, in which d is the stress rate and the dynamic fatigue strength (7d = crtd with 
the dynamic time-to-fracture. 

This equation assumes all the crack growth parameters are constant. For other test methods, 
where the stress is not directly measured (e.g. fibre exposed to strain or bending), the data 
should be transformed to stresses (see [14]). In this way, the dynamic fatigue strength can be 
plotted (log/log) versus the effective time-to-fracture, in the same way as for the static fatigue 
test. 
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H.4 Comparison of n value obtained with different methods 

In a round robin test performed by COST 218 in Europe [14], aimost aii stress fatigue test 
metlnods Inave been used. Tine results are shown in figure H.I and demonstrate a variation in 
measured fracture stress. Dependent on the test method, the results seem to be shifted 
vertically upon each other, due to differences in the effective tested glass fibre surface (length 
and geometry). 

Figure H.2 shows the results, corrected for these differences in glass area [8], [14], leading to 
a reduced scatter in the 'effective' fracture stress. The stress corrosion, described by the 
power law, results in straight lines (constant n) when time-to-fracture and applied stress are 
plotted on a log/log plot. Figure H.2 indicates that the fracture stress gradually decreases with 
increasing time-to-fracture; simultaneously the slope decreases {n increases). This effect is 
probably due to a time effect of the glass surface; it may be caused by crack blunting [13], 
[15], which competes with stress corrosion [16]. Some investigators even expect a fatigue 
limit [12], [17]. 

The two basic families of test methods, the dynamic and the static tests, can be recognized in 
figure H.2. The dynamic fatigue test methods generally operate in small time frames, reduced 
to even smaller effective time frames, in combination with a high failure strength. These tests 
show in general a smaller stress corrosion susceptibility parameter {n^). The static test 
methods can operate in somewhat longer measurement times and consequently at lower 
applied stress levels; larger values are obtained. 

H.5 Conclusion 

In comparing the results between different fatigue tests one can translate between dynamic 
time-to-fracture and effective static time-to-fracture. Furthermore, the fracture stress level 
needs to be corrected for the effective glass area under test. 

Having made these corrections, the stress corrosion susceptibility parameter is shown not to 
be constant with varying effective time-to-fracture (see figure H.2). This explains in general 
the different rules between dynamic and static fatigue test methods. 
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Figure H.1 - The results of the round robin fracture strength versus time 
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Figure H.2 - The results of the round robin fracture strength versus time 
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